Results
Simultaneous pressure measurements of the upper urinary tract under constant perfusion, and of the bladder at various stages of flling, might be expected to give a clear answer about the uretero-vesical pressure drop. If this is abnormally high (>10 cm water, Whitaker 1973b), and associated with abnormal pressure rises in the ureter under perfusion, obstruction at this level could be diagnosed with confidence. The approach has the advantage of doing away with measurement of the variable intra-abdominal pressure, since this is exerted on both sides of the suspected obstruction.
In practice, only three studies in these children have provided such clear answers. In two we have found small upper tract pressure rises (<15 cm water) and pressure differences between ureter and bladder (<10 cm water). Obstruction could thus be excluded and surgery avoided (Fig 2) . One child showed a major upper tract pressure rise together with lower ureteric hold-up, pointing to an obstruction (Fig 3) . However, in three children with no abnormal pressure rises in their distensible ureters, or in the bladder, we have still seen persistent lower ureteric hold-up during screening of the antegrade pyelogram. We have therefore not been able to exclude an effective obstruction with certainty here: it is very striking that the ureter can be seen to empty readily when the bladder catheter is opened to atmospheric pressure. This implies that when intra-abdominal/ detrusor pressure is no longer exerted, enough of a pressure drop develops across the bladder wall to allow a very feeble ureter to empty. For such children conventional means of encouraging an empty bladder appear inappropriate, since the state of bladder filling has little influence on ureteric drainage here. The need for atmospheric pressure levels in the bladder (Fig 4) has led to vesicostomy in one of these children. This has been a rewarding operation, since there is now evidence of upper tract improvement for the first time in this patient's urograms ( Fig 5) .
Conclusions
Antegrade pyelograms were performed in this small group of children to help with the difficult management problems of severe upper urinary tract dilatation. In selected patients simple needle puncture of the kidney can be useful in the diagnosis of uncomplicated lesions. For longstanding worsening ureteric distension associated with previous bladder outflow obstruction, urodynamic antegrade pyelogram studies will be needed. In our hands even these have not always differentiated obstructive lesions at the uretero-vesical junction from atonic failure of ureteric muscle as clearly as hoped. Since we are reporting on complex patients with the worst possible ureters, these results are perhaps not surprising. Abnormal, thick-wall bladder changes will have existed in these children since intra-uterine life, presenting a ready obstacle to urine impelled by grossly dilated, feeble ureters. Such minor obstructing lesions at bladder wall level might be easily overcome by healthy ureters, but we have found that our patients' poor ureters may simply dilate yet further under diuretic stress. Therefore no effective pressure gradient is established across the bladder wall to allow either effective urine flow, or even the diagnosis of obstruction on the classical grounds of raised pressure proximal to to lesion. However, it may be possible to encourage more efficient ureteric emptying in some of these children by lowering bladder pressure through exposure to the atmosphere. We have no doubt that combined functional and structural studies have much to offer in countering these problems.
Acute Ureteric Obstruction -Clinical and Radiological Aspects by P M Bretland MD FFR (Whittington Hospital, London N19 SNF)
The characteristic radiological appearances on intravenous urography in acute ureteric obstruction, traditionally known as 'renal colic', are now well known to most radiologists and urological surgeons since Smith (1964) popularized the procedure in UK. Many of the phenomena are well understood and some further explanations are now put forward.
The clinical and radiological findings, based on a personal series of 86 cases described in detail elsewhere (Bretland 1972 ) may be briefly recapitulated. While the normal side showed normal urographic appearances, on the affected side there was a characteristic sequence or 'march of events'; after a delay, a nephrogram appeared which became denser; where it lasted for some hours, fine radial striations were seen. After a transitional phase showing both nephrogram and pyelogram, a dilated, dilute pyelogram (less dense than the normal side) appeared and eventually faded. If a stone was present, it did not move throughout the process. The pain was shown to be of 'plateau' type, increasing over half an hour to 3 hours, remaining very severe for half to 3, 6 or even 12 or 24 hours with only minor changes in its level, and then abating over half-an-hour to 2 hours. Comparing this with the radiological sequence, the nephrogram was present during the period of severe pain and changed to a pyelogram as the pain abated. Where a powerful analgesic was given, the pain was relieved but the radiological sequence appeared to continue independently. The extent to which the sequence was seen would depend on the point at which urography was started and the speed of evolution of the process.
All this is difficult to explain in terms of the currently taught concept that 'renal colic' is due to a ureter undergoing spasmodic contractions in an attempt to expel a stone downwards, that the pain is relieved by drugs which relax the ureter (morphine usually stimulates smooth muscle) and that the attack is terminated by passage of the stone. On the other hand, it is possible to explain all these phenomena in terms of raised ureteric and renal pelvic pressure.
The pain has been shown to be related to raised intra-ureteric pressure (Risholm 1954 , Kiil 1957 ), as has the nephrogram (Boeminghaus 1932 , Elkin 1963 , Elkin et al. 1964 ) with a balance between arterial and intra-ureteric pressures (Edling et al. 1954 , Edling et al. 1957 . It follows that the relief of pain and accompanying transition from nephrogram to pyelogram may be attributed to a fall in intra-ureteric and renal pelvic pressure. Clearly this can happen in many cases by simple relief of the obstruction; but in others the obstruction persists and yet the pain abates and a pyelogram appears and eventually fades. It is of this part of the process that a further explanation is now offered, in physical terms.
The radiological sequence was first shown by Boeminghaus (1932) in the ligated rabbit ureter, and a fall in pressure in the obstructed dog ureter after some hours was shown by Guyon (1892) and Muirhead et al. (1950) ; a mechanism for such a fall can be deduced from the structure of the kidney. The anatomy of the nephron is well known but the wide range of measurements of individual tubules and of their various segments has received less attention. The lengths vary by factors of two to three and the external diameters by about 50%; the internal diameters probably vary by a factor of two and that of the ascending thick limb of the loop of Henle is at least half that of the smallest of the other segments (Peter 1909 , Pai 1934 , Oliver & MacDowell 1961 . Poiseuille's law of laminar flow through tubes states that the rate of flow is proportional to the pressure difference, and the fourth power of the radius, and inversely proportional to the length of the tube; it follows that the different tubules and segments have differing flow characteristics, and their pressure relationships may be calculated under normal conditions (Bretland 1972) . Under obstructive conditions, the pressure in the renal pelvis will rise until it is sufficient to oppose the pressure derived from glomerular filtration. The pressure drop between glomerulus and renal pelvis will then be small and will principally occur at the ascending limb of the loop of Henle which will act as a pressure transmitter with minimal flow. This segment will thus serve to separate the filtration-resorption equilibrium taking place in the proximal convoluted tubule (Gottschalk & Mylle 1956 , Saxton 1969 ) (permitting accumulation of contrast medium there because it is not taken up by the tubular cells (Sherwood et al. 1967) , so giving rise to the nephrogram) from the situation in the distal convoluted tubules and collecting tubules.
It is possible to show by a simple experiment that if two tubes containing fluid have identical pressure heads at their proximal ends and terminate in an obstructed container, and one of the tubes is longer than the other, then fluid from the obstructed container (distinguished by a different (Reproducedfrom Bretland 1972 by kindpermission) colour) will pass in retrograde fashion up the longer tube until a stable point is reachedpredictable from Poiseuille's law. It is also possible to show that in such an obstructed system if one of the tubes leaks, fluid will pass up into it from the container and out from the leak (Fig 1) .
Two matched infusion sets, differing only in that one has additional tubing to double its length, run into the same closed container which initially is filled with a dark coloured fluid. The longer tube has a T-junction near its middle connecting with another container, closed initially. Both infusion sets are filled with clear water and this is allowed to run into the container until the pressure in it rises to a point at which flow stops in both tubes. Before this happens, flow is seen to stop first in the longer tube and then it reverses, dark coloured fluid ascending out of the container until a stable point of balance is reached with no flow on either side. If a 'leak' is now created by opening the T-junction in the longer tube, retrograde flow is resumed in the longer tube maintained by resumed downward flow in the shorter infusion set. Dark-coloured fluid from the bottom container ascends and can be seen, to accumulate in the container attached to the Tjunction (Fig 1) . Now all the renal tubules are semipermeable, and the distal convoluted tubule is particularly likely to lose water as part of the normal concentration process; although this process is grossly impaired in obstructive conditions, it is likely to be continuing in some tubules to some extent. Clearly this will permit retrograde flow up some tubules, while forward flow proceeds in others. Once such a system of complex flow is established, it can readily act as a gradual pressurereducing mechanism.
Such a mechanism at once supplies an explanation for the fall in pressure and for all the previously reported evidence of resorption from the obstructed renal pelvis (e.g. Tuffier 1894 , Persky et al. 1956 , others reviewed by Narath 1951 , and also for the radial strix in the nephrogram (Fig 2) due to unopacified urine from the renal pelvis passing up the groups of longer collecting tubules. It also explains how the nephrogram can gradually fade even in continuing obstruction; an increased permeability of the distal part of the nephron to medium-sized molecules, including at least one well-known contrast medium (sodium iothalamate) has been shown by Lorentz et al. (1971) under obstructive conditions.
